Haematological and clinical effects were evaluated after multiple blood samplings over 24 h in the laboratory rat and for up to 22 days after collection to determine the time required for a return to baseline values. Male and female Sprague-Dawley rats In = 7/sex/group) were bled 4 times over 24 h and blood samples of 1.2, 1.6, 2.4 and 3.2 ml were taken. There were no adverse clinical signs and no statistically significant differences in body weight, body weight gain and food consumption. The acute effect on main haematological parameters of blood removal over 24 h consisted of reductions of red blood cell count, haemoglobin and haematocrit which were similar for blood removal exceeding 7.5% and less than 15% of circulating blood volume, and the reductions were positively related to the amount of blood loss beyond 15%. Time to recover to baseline values was also proportional to the initial blood collection volume and was estimated to range from 48h for amounts from 5% to below 7.5%, 12 days for amounts from 7.5% to up to 20% and 19 days for amounts above 20%. Recommendations are made concerning suitable blood collection regimes.
Toxicokinetics are an integral part of the non-clinical toxicology programme performed during the development of pharmaceutical products intended for human and veterinary use. The generation of adequate toxicokinetic data requires the collection of sufficient blood at different time points spread over 24 h: in multiple dose studies, this sampling is usually repeated at intervals after an appropriate recovery period. While such a sampling regime does not pose any problems with regard to animal welfare in large animals, it may cause undue physiological stress in rats. Indeed, from scientific and ethical viewpoints, serial samples from the same rats are regarded as the preferred approach to obtaining the most reliable toxicokinetic results with a minimum number of animals. In addition, the amount of bulk drug available for early non-clinical toxicology studies is generally limited and rarely allows an increase in the number of rats in the satellite toxicokinetic groups, which often already exceeds the number of rats in the main study itself.
In the literature, recommendations vary for blood removal limits for single and multiple samplings over 24 h and for recovery periods. Morton et ai. (1993) describe safe limits of 10% of the circulating blood volume for a single sampling, with a recovery period of 3-4 weeks. McCuill and Rowan (1989) recom-mend 15%, and the Department of Laboratory Animal Medicine at Cornell University 15-20% with a 4-week recovery period (McGuill & Rowan 1989) . Wierma and Kastelijn (1986) have shown experimentally that a single sampling of 17-28% every 2 weeks does not affect haematological parameters.
For multiple samplings over a 24h period, McGuill & Rowan and Cornell University recommend a 7.5% and 10% weekly limit, respectively, whereas experimental results of Scipioni et al. (1997) allow up to 40% with a 2-week recovery period. In addition, many laboratories have their own in-house guidelines (unpublished), developed by custom and practice over many years, where larger blood sampling volumes than those recommended appear to have had no adverse effects on the health of rats. Recently, the EFPIA/ECVAM working group has proposed a best practice guide for blood removal (Smith 1999) .
The objectives of this experiment were to assess the clinical and haematological effects of acute blood removal, over 24h, of 7.5, 10, 15 and 20% of circulating blood volume in rats and to determine the time required for a return to baseline values, in order to help establish guidelines for limits to the volumes of blood removed and for recovery periods.
Materials and methods

Ethical considerations
The protocol for this study was approved by the Pfizer Amboise ethics committee. All technicians involved in this work were qualified and well trained to perform blood sampling in rodents.
Animals
Male and female albino rats [Crl:COBS-VAF-CD(IGSIBR (France)] were obtained from Charles River (Saint-Aubin-Les-Elbeuf, France) and were acclimatized to laboratory conditions for one week. At the start of the experiments, the rats were aged 9 weeks and the mean body weight was 331.5 g and 241.1 g for males and females respectively.
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Housing conditions
The rats were housed individually in autoclaved polycarbonate cages (425 x 266 x 180 mml on autoclaved wood chip bedding and maintained on a 12h light/12h dark cycle. Room temperature and humidity were maintained at 20± 2°C and 60± 20% relative humidity respectively. HEPA filtered air was provided with 14 air changes per hour.
Feeding
Animals had free access to tap water filtered at 0.2I1m, and to certified commercial laboratory animal food (UAR A04C, Usine d'Alimentation Rationnelle, Villemoisson-Sur-Orge, France).
Anaesthesia and blood collection
The anaesthetic apparatus was from Minerve Veterinary Equipment (77185 Lognes, France) equipped with an isoflurane vaporiser and Plexiglas induction cage. Medical grade oxygen (Air Liquide, 37300 Toue-Ies-Tours, France) was used as a carrier. The anaesthetic was delivered at a concentration of 4 % using an oxygen flow rate of 21/min. Rats were exposed to the anaesthetic for 2 min, then removed from the induction chamber. The tongue was then exteriorized to visualize the sublingual vein. The vein was punctured with a hypodermic needle and blood was allowed to drip into tubes.
Experimental design
Three days before the start of the experiment, all rats were weighed and a computer-based random permutation generator was used to assign an individual study number and treatment group to each animal, minimizing the differences between the average group body weights. Animals were allocated to five groups of seven rats/sex. Initially we intended to remove 7.5, 10, 15 and 20% of total blood volumes based on rats weighing 250 g and total circulating blood volume of 64ml/kg (EFPIA/ECVAM Technical Subgroup 2000) . Although the mean body weight of the animals of each sex on day 1 were different in our study (331.5g for males and 241.1 g for females), for practical reasons we did not change the amount of blood removed. Consequently, the percentage of blood removed over 24 h in the different groups was as shown in Table 1 . The frequency of sampling and the volume removed are described in Table 2 .
For Groups 2 to 5, blood samples were taken on the first day at 08:30, 10:30 and 12:30h then on day 2 at 08:30 (24h after the first sample).
Group I, considered as a minimal regime group, served for comparing the results. Only 0.3 ml of blood were taken at each sampling period. Given that only one blood sample was taken on day 1, animals from this group were anaesthetized but not sampled at 10:30, 12:30 and the following day at 08:30.
Clinical observations and measurements
For all rats, clinical signs, body weight and food consumption were determined at scheduled intervals throughout the study. All animals were observed daily for survival.
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Haematological determinations
Blood samples were collected in tubes containing tripotassium ethylenediamine tetraacetic acid (EOTA, K31.Selected haematological parameters: red blood cell count (RBC), haemoglobin (HGB), haematocrit (HCT), mean corpuscular volume (MCV) and mean red cell distribution width (ROW, the coefficient of variation of MCV) were measured using Technicon H*1 (Bayer, France) haematology analyser.
Statistical analysis
For each sex, group and parameter, two-tailed Student's paired t-tests were used to compare values of the parameters measured at the first withdrawal (day 1) with each subsequent withdrawal. The 'MEANS' procedure from SAS was used (SAS STAT®).
Results
Mortality and clinical signs
There were no deaths and no adverse clinical signs.
Body weight
There were no statistically significant differences in the mean body weight (Figs la and Ib) and mean body weight gain (Figs 2a and 2b) of the different groups in both sexes.
On day 8, there was a body weight loss in a few rats in Groups I, 3 and 5. The amplitude of weight loss was 0.3 to 2.9% and the number of animals affected (2 or 3/group) were not related to the volume of blood collected. The body weight of these rats was comparable with other animals in the study on day 15 or 22. 
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Food consumption
There were no statistically significant differences in the mean food consumption of the different groups in both sexes [see Table 31 .
Haematological parameters
Baseline for haematological parameters are shown in Table 4 . The acute effects of the removal of various amounts of blood over the 24h period are shown in Table 5 . As expected, a downward trend for core parameters RBC, HGB and HCT was observed in all groups except in Group 1 males (volume removed 1.4%). When compared with day 1, the amplitude of decreases in these parameters ranged from approximately 5% in Group 1 females (volume removed 1.9%) to 30% in Group 5 females (volume removed 20.8%1. These reductions were similar for blood removal exceeding 7.5% and below 15% of circulating blood volume and were positively related to the amount of blood loss beyond 15%. There were no clear changes in MeV whatever the amount of blood taken. The RDW was slightly but significantly increased from 7.8% of blood removal and the change was more marked after the removal of 20.8 % of blood.
Haematological parameters from days 2 to 29 are shown in Table 6 .
Group 1 In males and females from Group 1 (volume removed 1.4% and 1.9%, respec-
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Blood loss and haematological parameters in rats 367 tl II~IIII~III N Group 2 In males (blood removal 5.7%), the only noteworthy change was a minor increase in ROWan days 5 and 8. In females (blood removal 7.8%), the decreases of RBC, HGB, HCT, present on day 5 were approximately of the same amplitude as those recorded on day 3. On day 8, a decrease was still present but with clearly reduced amplitude as compared with day 5, except for an increase of approximately 60% in ROW on both days 5 and 8.
Laboratory diagnosis of anaemia is chiefly based upon a reduction of the main RBC parameters [RBC,HGB and HCTj (McGrath 1993) ]which are also core haematology measurements in toxicological studies (Andrews 1998) . In our view, when considering variations of these three parameters, only a decrease greater than 10% relative to basal level should be considered as having a biological significance. Based on this principle, removal of up to 7.5% of blood (corresponding to 1.6ml in the male rats) over 24 h did not have any biological effects on RBC values, and a complete recovery was obtained 48h after sampling (day 3). At this time point, removal of higher quantities produced a significant effect on haematological parameters. The Group 2 females showed a partial recovery on day 8 with HCT values approximately 7% below day I values.
In groups losing from 10.4% to 15.1% of blood, a total recovery of HCT values was obtained on day 8, whereas in groups Groups 3 to 5 In males and females a return to normality of RBC, HGB, HCT was present from day 8 onwards. Increases in MCV and ROW peaked on day 8 with an amplitude proportional to the amount of blood removed and then decreased with time. In male groups (11.3 and 15.1%), from day 12 onwards, the MCV even decreased slightly, with a maximum amplitude observed on days 26 and 29.
Discussion
.s= •.. losing 15.6% and 20.8% (204ml and 3.2ml in the female rats), recovery was reached on days 12 and 19 respectively. The nature and extent of effects on core haematological parameters were similar to those reported by other authors and showed that, after an initial blood loss, recovery periods lasted from 24 h to 4 weeks according to the way of sampling (single or multiple samplings over 24h) and the amount of blood removed (Cornell University). Generally, it is recognized that mammals can tolerate roughly a 10 to 15% reduction in blood volume before marked and irreversible haemodynamic changes take place (Redondo et al. 1995) . Scipioni et al. (1997) came to the conclusion that removal of up to 40% of a rat's total blood volume over a 24 h period and repeated 2 weeks later caused no gross ill effects.
The heterogeneity of erythrocyte size as measured by RDW peaked on day 8 and did correspond with an increase of MCV in groups where higher blood volumes were taken. This may be explained by the simultaneous presence of a small number of young cells with a majority of mature erythrocytes.
It is interesting to note that in females the expected trend toward increased MeV values (spleen or bone marrow production of young and large erythrocytes) was widely present, whereas in most male groups there was a decrease in MCV over time. The mechanism underlying this sex-dependent finding is unknown and was not reported in the aforementioned publications. A progressive, non compensated loss of iron may have occurred as the animals were bled many times during the course of the study (up to 12 times) giving rise to microcytic red cells (Bertram et al. 1991) . Further studies seem necessary to confirm this hypothesis. However, in the present study, on the basis of clinical observations and the core haematological data, the health of the animals was not impaired.
To summarize, the acute effect of blood removal over 24 h on main haematological parameters consisted of decreases in RBC, HGB and HCT which were similar for blood removal exceeding 7.5% and below 15% of circulating blood volume and were positively related to the amount of blood loss beyond 15%. There were no biologically significant Laboratory Animals (2000) 34 Nahas et al. effects on these parameters below 7.5%. Time to recover was also proportional to the importance of the initial bleeding and was estimated to range from 48 h for amounts from 5% to below 7.5%, to 12 days for amounts from 7.5% to up to 20% and 19 days for amounts above 20%.
Therefore, the collection of up to 20% of the circulating blood volume over 24 h did not affect the welfare ofrats, as indicated by the absence of mortality and clinical signs and the lack of effects on body weight and food consumption. In conclusion, according to the results of this study, we recommend the following limit volumes (% circulating blood volume removed over 24 h) and recovery periods: Up to 5%:
No biologically significant effects <7.5%: 3 days 7.5 to<20%: l2days 20%: 19 days Smith D 11999) A best practice guide to the administration of substances and removal of blood. Alternatives to Laboratory Animals 27, 388
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